Complicated Meckel's diverticulum represents a common etiology of acute abdomen in children. However, this condition is less frequent in adults. We reviewed the records of adult patients who underwent the surgical removal of complicated Meckel's diverticulum between 2001 and 2017 at 2 tertiary French medical centers. We then analyzed the clinical characteristics, mode of presentation, and management for all patients.
Introduction
Meckel's diverticulum (MD) is the most prevalent congenital anomaly of the gastrointestinal (GI) tract. The condition results from incomplete omphalomesenteric (vitelline) duct obliteration and affects approximately 2% of the general population. [1] MD is localized at the antimesenteric border of the ileum in the axis and continuity of the superior mesenteric artery. There is a 3:2 maleto-female prevalence ratio. [2] Complicated MD represents a significant cause of morbidity in children, and more than 50% of patients who develop complications are under 10 years of age. [3] However, this condition is reported to be less frequent in adults. MD usually remains asymptomatic throughout the patient's lifetime and is discovered incidentally on radiographic imaging, during endoscopy, or at the time of surgery. [4] The lifetime incidence rate of complications arising in patients with MD is approximately 4%. [5] The most common presentations associated with complicated MD are bleeding, intestinal obstruction, and diverticulitis. A limited number of studies have focused on this condition in the adult population. Therefore, the objective of this study was to investigate the clinical features of complicated MD in adults to guide general surgeons and improve early diagnosis.
Materials and methods
were screened for surgical specimens of MD obtained between January 2001 and June 2017. The following data were collected by retrospective medical record review: demographic variables, preoperative diagnosis, diagnostic method, and pathology data. All patients had complete blood tests performed on the day of hospital admission. All computed tomography (CT) scans were performed with and without intravenous (IV) contrast. No oral contrast was routinely used. From 2001 to 2010, all CT examinations were obtained with 16-detectors scanners, and after 2010 with 64-detectors CT scans. However, for all examinations, the abdominal images were generally reconstructed and displayed with a 2.5-mm slice thickness using the conventional back projection and similar soft tissue filters, which provided basically the same image quality over the entire study. We separated the study period in 2 (before and after 2010) to compare the CT scan ability in preoperatively detecting a complicated MD.
In all cases of GI bleeding, initial emergency explorations were gastroscopy, colonoscopy, and CT scans with and without IV contrast. We define obscure GI bleeding as a persistent or recurrent bleeding for which no definitive source has been identified by an initial evaluation. We define obscure GI bleeding as "occult," when it was not visible (patients with anemia), and as "overt," when it manifests with a continued passage of visible blood (patients with hematochezia).
Laparoscopy was used in 2 situations: first, when an MD was suspected by preoperative explorations and second, when a small-bowel bleeding was evidenced by video-capsule endoscopy (VCE) or endoscopies, laparoscopy was performed as the first step before intraoperative enteroscopy (IOE) to locate the bleeding. In some cases, an IOE was performed after to exclude another cause.
Quantitative values were compared using t test and MannWhitney test as required to compare 2 groups. To compare more than 2 groups, a Kruskal-Wallis test was used. Qualitative variables of the 3 groups (diverticulitis vs GI bleeding vs obstruction) were compared using chi-squared test. Statistical significance was P < .05. All analyses were performed using SAS for Windows (SAS Institute, Inc, Cary, NC).
Results

Age and sex distribution
A total of 37 patients underwent surgical removal of a complicated MD. There were 24 males and 13 females, and the male-female ratio was 1.8:1. The patient age range was 18 to 92 years, and the mean patient age was 46.1 ± 21.4 years (Fig. 1). 
Clinical presentation
The most common clinical presentations of complicated MD included diverticulitis (35.1%, n = 13), small-bowel obstruction (35.1%, n = 13), and obscure GI bleeding (29.8%, n = 11). In 1 case, obscure GI bleeding was occult (anemia) and in 10 patients, it was overt (hematochezia) ( Table 1 ). The age distribution in our cohort was significantly different according to the 3 MD complications (P = .02).
There were 13 patients who presented with diverticulitis (35.1%), including 11 patients with perforated diverticulitis. The mean age in patients with diverticulitis was 57.1 ± 22.5 years, and the group was statistically older than patients with GI bleeding (P = .02). Patients with complicated MD and diverticulitis were frequently older than 40 years of age (P = .05). Patients with complicated MD and GI bleeding were frequently younger than 40 years of age (P = .05).
The major complaints leading to explore MD in patients with diverticulitis were abdominal pain (100%), vomiting (50%), tenderness (33%), abdominal distension (33%), and fever (33%). There was a statistical correlation between abdominal pain and MD with diverticulitis (P < .001). Figure 1 . Frequency of complicated Meckel's diverticulum by age in 37 adult patients. Age of patient distribution was significantly different according to the 3 Meckel's diverticulum complications (P = .02): patients with diverticulitis were statistically more frequently over 40 (P = .05), patients with gastrointestinal bleeding were more frequently <40 and significantly younger than those with diverticulitis and intestinal obstruction (P = .05).
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There was a small-bowel obstruction present in 13 patients (35.1%), including 4 patients who presented with band, 5 patients who presented with volvulus, and 4 patients who presented with intussusception. The mean age of patients with small-bowel obstructions was 44.9 ± 20.5 years. In addition, 83% of patients in this group were older than 40 years old. The major complaints prior to surgery in this patient group were abdominal pain (92%), abdominal distension (83%), vomiting (75%), and tenderness (33%). The presence of vomiting and abdominal distension were correlated with MD with small-bowel obstruction (P = .002 and P < .001, respectively).
There was lower GI bleeding in 11 patients (29.8%), and 10 of these patients (91%) presented with obscure GI bleeding (of unknown origin after gastroscopy and colonoscopy) that required multiple blood transfusions. The mean age in this group was 34.3 ± 12.6 years. The patients with GI bleeding were frequently younger than 40 years old (73%). Patients presenting with GI bleeding were statistically younger than the patients with diverticulitis or obstruction (P = .02). The major complaints leading to further medical explorations in this group were hematochezia (10 patients, 91%) and refractory iron deficiency anemia in 1 patient. Hematochezia was strongly correlated with MD with lower GI bleeding (P < .001). The blood hemoglobin (g/ dL) and C-reactive protein levels were statistically lower in patients with MD with GI bleeding (P < .001 and P = .03, respectively) ( Table 1 ).
Diagnostic method
CT scans with IV contrast were performed in all 37 patients of our population on the day of hospital admission. In addition, we performed successive GI endoscopy and VCE in patients presenting with GI bleeding (11 patients). A technetium pertechnetate scan (Meckel's scan) or enteroscan was performed in 2 patients in whom CT, GI endoscopy, and VCE were not informative.
The preoperative diagnosis of MD was determined in 15 of 37 patients (40%) ( Table 2 ). Computed tomography (CT) was used to diagnose 9 of these 15 patients (60%), with 5 patients in the "diverticulitis" group, and 4 patients in the "small-bowel obstruction" group. However, none of the patients in the "GI bleeding" group were correctly diagnosed by CT. VCE guided the Table 2 Diagnostic method and surgical management in 37 patients with complicated Meckel's diverticulum.
Diverticulitis (n = 13) Small-bowel obstruction (n = 13) Gastrointestinal bleeding (n = 11) 
right abdomen that indicated GI bleeding. In another patient, an enteroscan revealed a digestive hemorrhage. CT scan ability in preoperatively detecting a complicated MD before (2/22) and after 2010 (5/15) was not significantly different (P = .438).
The diagnosis of MD was not possible in 22 patients (60%) and an exploratory laparoscopy was necessary to determine the cause of disease. There were 7 patients (53%) in the "diverticulitis" group, 9 patients (69%) in the "small-bowel obstruction" group, and 5 patients (46%) in the "GI bleeding" group. There were 2 patients in the "GI bleeding" group who required an IOE to exclude another cause of bleeding.
Laparoscopy was used in 2 situations: first, when an MD was suspected by preoperative explorations, a laparoscopy was performed and second, when a small-bowel bleeding was evidenced by VCE or endoscopies, laparoscopy was performed as the first step before IOE to locate the bleeding.
Histopathological findings
A histopathological analysis was performed in all resected diverticula. Within the cohort of 37 resected diverticula, there were 6 patients (16%) with histologically abnormal tissue that contained ectopic gastric or pancreatic mucosa. There were 3 patients who presented with intussusception, and the other 3 patients presented with lower GI bleeding. Malignancies were not identified in any patients.
Surgical management
The surgical removal of complicated MD was performed in all 37 patients included in our study. An intestinal resection was performed in 33 patients (89%) and a diverticulectomy was performed in 4 patients (11%) ( Table 2 ). There were 2 patients treated with intestinal resection who required a stoma. Both of these patients presented with perforated diverticulitis.
Surgical outcomes
In our study, all patients underwent surgery successfully. A remission of the symptoms was achieved in all cases. Postoperative complications were as follows: 1 death by cardiac failure in a 92-year-old patient; and 2 postoperative wound infections. The follow-up time was 3 to 12 months.
Discussion
Our data indicate that diverticulitis, small-bowel obstruction, and GI bleeding were the most common clinical presentations in adults and were present in 35.1%, 35.1%, and 29.8% of patients, respectively.
We also found that the patient age distribution in our cohort was significantly different according to the 3 MD complications (P = .02): patients with diverticulitis were statistically more frequently over 40 years old (P = .05), significantly older than patients with GI bleeding who were more frequently <40 years old. According to our knowledge, this is the first report that has examined the association between the clinical presentation and the age in adults presenting with MD complications. Few other studies [6, 7] also reported a decreasing frequency of complicated MD with age, but they did not analyze separately each mode of clinical presentation and the age at onset of complications.
Diverticulitis and small-bowel obstruction are the most common presentations in adult series. Patients with diverticulitis account for 41% to 58% of the complicated MD population, [4, 5, [8] [9] [10] [11] and our study shows a similar proportion (35.1%). Furthermore, small-bowel obstruction accounts for 23% to 41% of patients, [5, 7, [9] [10] [11] and our study shows a similar percentage (35.1%). Finally, GI bleeding accounts for 8% to 18% of patients. [5, [9] [10] [11] Our study shows GI bleeding was present in 29.8% of patients. This higher rate could be related to a bias in patient selection. Our 2 university hospitals are tertiary centers involved in the management of obscure GI bleeding. [12] The study by Park et al [7] reported a higher proportion of GI bleeding (38%) and a lower proportion of diverticulitis (28%), which contrasts the finding reported by other studies. The difference could be explained by the inclusion of patients between 11 and 20 years old in the adult population. Within the 180 adult patients examined in the study, there were 57 (32%) cases <20 years old. Thus, by choosing an 11-year-old age cut-off for adults, their "adult population" represents a pediatric population. Previous studies reported the clinical presentations of the disease may differ between pediatric populations and adults.
In the pediatric population, GI bleeding and small-bowel obstruction are the most common presentations, and diverticulitis is rare.
GI bleeding usually presents as obscure overt (meaning with hematochezia) and massive bleeding that requires blood transfusions. Bleeding accounts for 44% to 59% of complicated MD in children. [2, 3, 13] Small-bowel obstruction revealing a complicated MD accounts for 38% to 40% in children [13] [14] [15] and usually presents with intussusception or volvulus. [13] Diverticulitis is less frequently reported in children than in adults (12-14%). [13, 14] The clinical arguments are nonspecific and rarely lead to the diagnosis of complicated MD. Moreover, despite the advancement of technology, the use of diagnostic methods, including multidetector CT, upper GI endoscopy and colonoscopy, technetium pertechnetate scan, or VCE, are unable to diagnose complicated MD in adults.
In our series, a preoperative diagnosis of complicated MD was possible in 15 patients (40%).
The diagnostic accuracy of CT scanning for the detection of MD was previously considered too low for clinical use because it is not possible to distinguish between diverticulum and intestinal loops. [16] The modern multidetector CT can use IV injection of iodinated contrast and/or peroral bowel opacification to increase the detection of MD and complications such as diverticulitis. [17] In our series, MD was detected by CT in 5 of the 13 patients (38%) with diverticulitis and in 4 of the 13 patients (30%) with small-bowel obstruction. However, CT was unable to diagnose the 9 patients with GI bleeding.
Despite the regular increase in the power of multidetector CT scans in our 2 hospitals, the CT scan ability to preoperatively diagnose MD was not significantly improved: CT scan made the preoperative diagnosis of complicated MD in 4/22 cases before 2010 and in 5/15 cases after 2010 (P = .438). Complete exploration of small-bowel is difficult, and identifying the bleeding site of a GI hemorrhage remains challenging. Upper GI endoscopy and colonoscopy play minimal roles because MD is inaccessible for evaluation. [18] Technetium-99m-labeled erythrocyte scintigraphy is also referred to as the Meckel's scan and has an overall positive yield of approximately 50%. [19] Another 97:38 Medicine interesting diagnostic tool is VCE, which is reported to be a highly sensitive (95%) and specific (75%) technique that detects bleeding in patients with obscure GI bleeding. [20] The 9 patients in our series presenting with obscure GI bleeding were diagnosed using VCE in 3 patients (36%) and 99mTc-pertechnetate-scintigraphy in 1 patient (9%).
The preoperative diagnosis of complicated MD was not possible in 21 patients (60%), and an exploratory laparoscopy was necessary to determine the cause of disease. In our study, laparoscopy was used in 2 situations: first, when an MD was suspected by preoperative explorations and second, when a small-bowel bleeding was evidenced by VCE or endoscopies, laparoscopy was performed as the first step before IOE to locate the bleeding.
In 2 patients in the "GI bleeding" group, an IOE was performed to exclude other causes of bleeding. IOE is an excellent method of exploring the entire small bowel and has a diagnostic yield of 80% when combined with explorative laparotomy. [12] However, when an intraoperative cause for GI bleeding is discovered, the use of IOE is not recommended to exclude other causes due to his high morbidity. [21] The surgical management of complicated MD should consist of a wedge resection with primary anastomosis. A laparoscopic approach for complicated MD has proven safe and feasible in pediatric and adult populations. [22] In addition, diverticulectomy using linear staplers was reported as safe if the resected specimen is inspected to ensure all ectopic mucosa are removed. [23] The management of an uncomplicated MD is still controversial. Historically, the prophylactic removal of uncomplicated MD was not recommended due to the low lifetime incidence of complications. [5, 6, 24] A prophylactic diverticulectomy has been proposed for incidental MD at any age up to 80 because of the increasing lifetime risk of surgery for MD-related complications. [25] Finally, previous authors proposed removing MD in patients with the following risk factors for complications: age younger than 50 years old, male, length of diverticulum more than 2 cm, and presence of histologically abnormal tissue. [7] The main bias of our series is its retrospective nature. The number of complicated resected MD could have been lowered because some of complicated MD could have been misinterpreted or misclassified, for example, as jejuna diverticula. In addition, the number of uncomplicated resected MD was unfortunately not recorded. However, the guidelines of our 2 surgery departments are not to remove uncomplicated MD. This number was probably very low.
Our series counts a small number of patients. However, complicated MD is a rare and unusual condition and prospective data have poor chances to be performed.
Conclusion
The diagnosis of complicated MD in adults remains a challenge. The diagnosis of complicated MD should be considered in any adult patient with obscure GI bleeding especially in patients <40 years old. A complicated MD should be evocated in case of acute small-bowel obstruction in a patient with neither past history of neither abdominal surgery nor evidence of hernia. In addition, the occurrence of MD-related diverticulitis is more frequently observed in patients over than 40 years old but cannot be easily differentiated for other small-bowel diverticulitis. There is a central role for exploratory laparoscopy when an unclear abdominal process is observed to correct the diagnosis of complicated MD.
